Several explanations have also been offered for the pulsating reglme,l,5, 6
but the most widely accepted is that control varies perlodlcally from premlxed gas, layered combustion to dlffuslve burning across the pulsating front, due to coupled gas/llquid motion.2, 3 Buoyancy is believed to contribute slgniflcantly to the experlmentally-observed, complicated motion In both the liquid and gas phases.
All of the cited experiments were done at normal gravity in a standard alr atmosphere, wlth varlatlons of fuel type and inltia] temperature only.
The abillty to predict sub-Tcc flame spread behavior in nonalr environments, and especially In microgravity, Is hindered by the various Interpretatlons of experlmental results and by current models which cannot predlct the uniform or pulsating flame spread rate, Vf, under any sub-Tcc condition. Most models assume Vf, decouple gas phase processes by assuming Interfaclal boundary conditions, and then calculate the veloclty and temperature fields In the llquld phase;7, 8 unfortunately the calculated subsurface fields disagree wlth the complicated measuredmotions, and dlscrepancles are usually attributed to buoyancy effects. One model 9 does couple both phases, but it assumesunlty Lewis number, fast kinetlcs, and constant 02 concentration outside the flame sheet, and Is therefore inaccurate near the leading edge of the flame.
Nonetheless It predicts that the flame posltion is strongly affected by gas phase buoyancy.
The present experlments on flame spread In mlcrogravity and In nonalr environments seek to provlde Information for both a better understandlng of In those cases where the flame spread to the edge of the tray, the mlcrogravlty flame subsequently collapsed bottom-up, i.e., toward the luminous region farthest from the pool, until the remaining flame was very thin and blue at a distance of I0 to 15 mmfrom the pool surface (see Flg. 5(b) to (e)).
After this collapse, the flame lifted very slightly away from the pool, and its lumlnosity steadily diminished, disappearlng at low 02 concentrations before the end of the test. The very shallow pools in our study should have prevented the complicated, subsurface flowfield; for pool depths less than 0.4 cm, the flow is predicted to be in the vlscous-domlnated regime. The detailed mechanismsof the asymmetrically pulsating, hellum-diluted flames are beyondour current understanding. Clearly, the flash point temperature for hellum-diluted environments Is higher than that for the other diluents. This is evident not only from the observed spread behavlor, but also from methanol droplet behavior In helium-diluted envlronments. 17
Ignition of the droplet was predicted and observed to be far more difficult in heIium-dlluted, as comparedto nitrogen-diluted environments, due to more rapid thermal losses to the background. Similar to Ref. 17's observations, the helium-diluted flames were thick, indicating a smaller diffusion residence time comparedwith the chemical residence time. These effects yield a lowerthan-expected flame temperature, maklng sustained spread more difficult. The postspread, microgravity flame behavior is consistent with theory 20 which does not admit a solution for planar flames in a nearly convectlon-free, purely diffusive environment due to a lack of divergence (unlike droplets).
Such theory does not account for second order effects, such as heat loss to a small diameter pool tray, but these effects appear to be small in our studies.
An alternate explanation is that the flames extinguished due to heat loss and a lack of 02 transport to the flame region, Independent of geometrical concerns.
CONCLUSIONS
The experiments reported In this paper investigated burning of alcohol fuels over 15-cm dlameter pools in a free-fall facility under both mlcrogravity and corresponding normal-gravlty conditions. Results are reported as flame spread rates, determined from photographic observations of the flame diameter as a functlon of time.
Microgravlty flame spread was always uniform. At conditions whlch caused pulsating spread in normal gravity, the mlcrogravity flame extinguished. In the uniform spread regime, flame spread rates were similar In both gravity envlronments, indlcatlng the buoyancy-drlven motlon in either phase is not important for the shallow pools which were Investigated. Because pulsating spread was only observed in normal gravity, gas phase convection must be a key contributor to the development of pulsatlng spread.
Replacementof N2 dlluent with argon shlfts the pulsating flame spread onset to lower 02 concentratlons (and presumably lower pool temperatures), as expected from dlmlnlshed heat losses to the argon atmosphere. Helium dilution, on the other had, shifts the pulsating spread to higher 02 concentrations and intenslfles the amplltude of the pulsatlons.
For potentlal appllcatlon to spacecraft Fire safety, it appears that the determination of the conditions yleldlng pulsating spread in normal gravity can be used to predict mlcrogravlty pool flre extinction limlts, provided that gravity level is the only parameter that is changed. 
